Autologous stem cell transplantation (ASCT) consolidation remains the treatment of choice for patients with relapsed diffuse large B cell lymphoma. The impact of rituximab combined with chemotherapy in either firstor second-line therapy on the ultimate results of ASCT remains to be determined, however. This study was designed to evaluate the benefit of ASCT in patients achieving a second complete remission after salvage chemotherapy by retrospectively comparing the disease-free survival (DFS) after ASCT for each patient with the duration of the first complete remission (CR1). Between 1990 and 2005, a total of 470 patients who had undergone ASCTand reported to the European Blood and Bone Transplantation Registry with Medical Essential Data Form B information were evaluated. Of these 470 patients, 351 (74%) had not received rituximab before ASCT, and 119 (25%) had received rituximab before ASCT. The median duration of CR1 was 11 months. The median time from diagnosis to ASCTwas 24 months. The BEAM protocol was the most frequently used conditioning regimen (67%). After ASCT, the 5-year overall survival was 63% (95% confidence interval, 58%-67%) and 5-year DFS was 48% (95% confidence interval, 43%-53%) for the entire patient population. Statistical analysis showed a significant increase in DFS after ASCT compared with duration of CR1 (median, 51 months versus 11 months; P \ .001). This difference was also highly significant for patients with previous exposure to rituximab (median, 10 months versus not reached; P \ .001) and for patients who had experienced relapse before 1 year (median, 6 months versus 47 months; P \ .001). Our data indicate that ASCT can significantly increase DFS compared with the duration of CR1 in relapsed diffuse large B cell lymphoma and can alter the disease course even in patients with high-risk disease previously treated with rituximab.
INTRODUCTION
During the last decade, the addition of the anti-CD20 monoclonal antibody rituximab to various chemotherapies has dramatically improved overall survival (OS), progression-free survival (PFS), and response rates in patients with diffuse large B cell lymphoma (DLBCL), with complete responses ranging from 75% to 80% [1] . However, despite this major advance in first-line treatment, a significant proportion of patients experience relapse after the initial chemotherapy, especially patients with high-risk scores on the International Prognostic Index (IPI) [2, 3] .
Before the advent of rituximab, the standard therapeutic approach for relapsed DLBCL was to decrease the tumor burden and assess chemosensitivity with a second-line therapy, and then consolidate the remission status with high-dose therapy and autologous stem cell transplantation (ASCT). Using this approach, the 5-year OS was 53% [4] . The sole prospective randomized trial of patients with DLBCL in first relapse or primary refractory to first-line therapy in the rituximab era was the CORAL trial, which included 396 patients [5] . The patients were randomized between 2 widely used regimens, ICE (ifosfamide, carboplatin, etoposide) and DHAP (dexamethasone, high-dose ara-c, cisplatinum), both of which were combined with rituximab (R-ICE and R-DHAP). No difference in outcome between the R-ICE and R-DHAP groups was seen. However, various parameters greatly affected the results of ASCT, including chemotherapy sensitivity before ASCT, previous treatment with rituximab, and time from diagnosis to relapse of\12 months. Nevertheless, to date no comparative study has evaluated the efficacy of ASCT according to these subgroups. Moreover, the outcome of relapsed patients without ASCT is poor, with\10% of patients alive at 5 years [1] .
The purpose of the present study was to evaluate the efficacy of ASCT in the rituximab era by retrospectively comparing the duration of disease-free survival (DFS) after ASCT with the duration of the last disease phase just before the phase that included ASCT in each patient studied. Only chemosensitive patients in complete remission (CR) before ASCT were eligible for the study, because these patients are the best candidates for a salvage strategy. The aim of this approach, which has been used to develop new drugs such as I-131 tositumomab [6] and to evaluate ASCT in indolent non-Hodgkin lymphoma [7] , was to ascertain whether ASCT lengthens the disease-free period during the disease course and ultimately has the potential to cure the disease.
PATIENTS AND METHODS

Study Design
The This study was designed to evaluate the benefit of this strategy in patients with DLBCL who achieved second CR (CR2) after salvage chemotherapy by retrospectively comparing the DFS after ASCT with the duration of the first CR (CR1) for each patient. Partial responders, stable patients, and patients with progressive disease were excluded. The EBMT database was used to identify adult patients with DLBCL treated with a first ASCT in CR2 between 1990 and 2005. The registry included a total of 1166 such patients, only 470 of whom had a fully documented ASCT with an EBMT MED-B form. To avoid any bias related to the analysis of the patients with a MED-B form, both populations were compared in terms of 4 major outcomes: nonrelapse mortality (NRM), relapse rate (RR), DFS, and OS. No significant differences between the 2 populations were seen, and the 470 patients with fully documented ASCT information were used in further studies.
Patient and Transplant Characteristics
Characteristics of the patients and transplants are summarized in Table 1 . The median patient age was 52 years (range, 18-74 years) . Of the 470 patients, 275 (59%) underwent ASCT before 2002, and 351 (74%) did not receive rituximab before undergoing ASCT. Among the remaining 119 patients (25%) who did receive rituximab, 114 were treated between 2002 and 2005, 15 received rituximab during firstline treatment, 26 received rituximab in the relapse setting, and 41 received rituximab both during first-line treatment and after relapse. Information was not available for 32 patients. The median time from diagnosis to ASCT was 24 months (range, 6-395 months). The median duration of CR1 was 11 months (range, 1-112 months), and CR1 lasted \12 months in 49% of cases.
Statistical Methods
DFS was measured from the date of ASCT to the date of disease relapse or death. OS was measured from the date of ASCT to the date of death from any cause. DFS and OS curves were generated using the Kaplan-Meier method, and NRM and RR were determined using cumulative incidents to account for competing risks. The primary endpoint of the study was DFS after ASCT, and the log-rank test was used to compare groups. The study's main objective was to evaluate the benefit of ASCT in CR2 by comparing DFS with the duration of CR1, using each patient as his or her own control. This approach is illustrated in Figure 1 .
The duration of DFS and duration of CR1 were compared using the paired Wilcoxon signed rank test in the entire series and in defined subsets of patients. If a patient had not relapsed by the time of follow-up and if the duration of follow-up after ASCT was longer than the duration of CR1, then the impact of ASCT on DFS was considered positive for that patient. Some patients could not be included in the paired test because they had been censored because of having a shorter duration of follow-up than the duration of CR1.
All statistical analyses were performed using the SPSS 15.0 statistical package (SPSS, Inc., Chicago, IL) and NCSS97 software (Number Cruncher Statistical System, Kaysville, UT). A P value \.05 was considered significant.
RESULTS
Patient and transplant characteristics are summarized in Table 1 . All of the patients were in CR2 after salvage chemotherapy before ASCT, and 88% of them received 2 regimens. The BEAM conditioning regimen was used in 67% of patients, with peripheral stem cell support in 85% of cases. At diagnosis, ageadjusted IPI (aaIPI) was available in 141 patients; values were 0-1 in 40% of the patients and 2-3 in 60%; bulky disease was present in 13%. At relapse, the aaIPI was 0-1 in 63% and 2-3 in 37%.
Survival
The median follow-up time after ASCT for the 305 surviving patients was 52 months. A total of 196 cases (42%) relapsed after ASCT, at a median of 10 months (range, 1-172 months). The 5-year cumulative incidence of relapse was 45% (95% confidence interval [CI], 40%-50%) (Figure 2A ). Thirty-five patients (7%) experienced NRM (cumulative incidence of 6% at 3 years; 95% CI, 4%-9%) (Figure 2A ). A total of 239 patients (51%) were alive and disease-free after ASCT at the time of follow-up. The estimated 5-year DFS and OS were 48% (95% CI, 43%-53%) and 63% (95% CI, 58%-67%), respectively ( Figure 2B) .
The association between the main patient characteristics and DFS calculated by univariate analysis showed that age at ASCT (#50 years versus .50 years) was a significant prognostic factor (3-year DFS, 60% versus 48%; P 5 .004). The DFS curves according to CR1 duration showed nonproportional hazards over time. In this regard, the impact of this variable was investigated by separating the posttransplantation course into several different periods. A short duration of CR1 (\12 months versus $12 months) was associated with a worse DFS in the initial period after ASCT, with a DFS of 52% versus 67% at 2 years (P 5 .003) and no differences at longer follow-up periods. Finally, previous treatment with rituximab was associated with a better DFS after ASCT, with borderline significance (DFS at 3 years, 68% versus 55%; P 5 .05). This factor was investigated in patients who underwent ASCT In summary, in patients with DLBCL, duration of CR1, previous treatment with rituximab, and age at ASCT were identified as prognostic factors for DFS after ASCT in CR2.
Comparative Survival Analysis by Patient
We then compared DFS duration and CR1 duration using each patient as his or her own control. The duration of CR1 and DFS after ASCT are shown in Figure 3 . When each patient was assessed as his or her own control, the statistical analysis showed a significant increase in the duration of DFS after ASCT (P \ .001). Fifty-eight patients could not be included in the paired analyses because of insufficient follow-up. In the remaining 412 patients, the duration of DFS after ASCT was longer than the duration of previous CR1 for 291 patients (71%) and shorter for 121 patients (29%).
To better evaluate the benefit of ASCT consolidation for each patient, we analyzed several subgroups of patients. Follow-up duration was sufficient for inclusion in paired analysis in 228 patients with a CR1 shorter than 12 months and 184 patients with a CR1 longer than 12 months. The duration of DFS after ASCT was longer than the duration of previous CR1 in 80% of the patients in the first group (P \ .001) and in 58% of the patients in the second group (P 5 .002). The duration of DFS exceeded that of previous CR1 in 66% of the 313 patients not previously treated with rituximab (P \ .001), compared with 88% of the 99 patients previously treated with rituximab (P \ .001). We also looked for potential differences between the groups ''CR2 shorter than CR1'' and ''CR2 longer than CR1,'' considering clinical characteristics and rituximab administration. The only difference between these 2 groups was in the rate of previous rituximab treatment (15% versus 27%; P 5 .001), which persisted in the 2 subsets: CR1 duration \1 year (16% versus 31%; P 5 .04) and CR1 duration .1 year (14% versus 21%; P 5 .20).
To examine the effect of age at ASCT, 192 patients age \50 years and 220 patients age $50 years were included in the paired analyses. These analyses showed that ASCT significantly increased DFS after CR2 in both subgroups compared with the duration of CR1 (74% and 66% of the cases, respectively; P \ .001 for both groups).
DISCUSSION
In response to the dramatic improvement in the treatment of DLBCL with rituximab therapy, several questions have been raised regarding the role of consolidation with ASCT in relapsed patients and whether the introduction of rituximab has changed the situation. The role and the quality of salvage chemotherapy before ASCT remain the major determinants. The addition of rituximab to second-line chemotherapy followed by ASCT has significantly improved PFS in patients not exposed to rituximab as part of their first-line treatment [8] . However, previous exposure to rituximab during first-line treatment was an adverse prognostic factor for response to salvage treatment with rituximab in the CORAL trial [5] , with only one-half of the patients responding.
Given the infeasibility of conducting a randomized study comparing salvage chemoimmunotherapy followed by ASCT with no ASCT, we decided to examine the outcomes of patients who had undergone ASCT while in first relapse and to compare the duration of the CR before ASCT with the duration of CR after ASCT in each patient. To avoid investigator bias in the definition of partial responders, only patients in CR2 or with a MED-B form available were included.
Before the rituximab era, the 5-year OS for relapsed DLBCL was 53% after high-dose chemotherapy and ASCT [4] . In the present study, our entire series of 470 patients had a projected 5-year OS of 63%. This 10% improvement since the 1980s might be attributed to better supportive care measures during the immediate post-ASCT period and the use of rituximab combined with salvage chemotherapy. The CORAL trial's 3-year OS of 68% for 206 patients who underwent ASCT [5] was similar to our finding. For those patients who achieve CR before ASCT, a clear benefit is seen in the reduction of RR compared with elderly patients not consolidated with an ASCT. No data are available for relapsed patients age \65 years treated with chemotherapy only. In one study, elderly patients who experienced disease progression after R-CHOP chemotherapy had a median OS of 0.6 year and a 3-year survival rate of 18% [1] . Nevertheless, several factors adversely affect outcome after ASCT, including age .50 years and CR1 duration of \12 months. However, the positive effect of previous rituximab exposure may reflect the quality of response before ASCT in all of these responding patients (Figure 4 ). In addition, this impact was seen mostly in patients treated with rituximab after relapse, and was not seen in patients treated up front and at relapse with rituximab chemotherapy or in patients who never received rituximab (data not shown). The underlying biology of the disease cannot be ascertained from clinical parameters alone; genomic profiles are needed as well [9] . Consequently, the finding that a patient who had experienced one relapse did not relapse again after salvage chemotherapy and ASCT implies that the new treatment is efficient. Similarly, an increase in the disease-free duration after ASCT can lead to the same conclusion.
In the present study, when each patient was assessed as his or her own control, the duration of PFS after ASCT exceeded that of CR1, demonstrating that ASCT can alter the course of disease. This difference in favor of the post-ASCT period was significant in patients with previous exposure to rituximab and relapse before 1 year. Overall, the 5-year DFS of 48% suggests that ASCT can change the disease course even in high-risk relapsed DLBCL patients. These results can be extrapolated to relapsed patients who achieve partial response after salvage chemotherapy, as shown in the CORAL trial. Our results must be viewed with caution, however, given the retrospective nature of our analysis, the inclusion of some inherent selection bias, and the fact that the quality of tumor response was not investigated in more detail by positron emission tomography using [18F]-fluoro-2-deoxy-D-glucose [10] .
In conclusion, the quality of salvage chemotherapy must be improved, and the most appropriate treatment should be identified by considering the characteristics of those patients who experience relapse after chemoimmunotherapy. Because approaches to predicting outcome after treatment using microarray genomewide techniques are still not available in the clinical setting, ASCT remains a good therapeutic option for patients with chemosensitive relapsed DLBCL. Specific efforts aimed at identifying those patients with refractory disease at early stages are crucial. In this context, new approaches, including allogeneic transplantation [11, 12] and novel targeted therapies developed as a result of a better understanding of the biology of the disease [13] , will play key roles.
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